INTRODUCTION
Pituitary tumors (PT) are relatively common lesions that may compress the anterior visual pathways producing loss of vision. Treatment, either medical or with surgery (usually transphenoidal) is associated with very high success rates (1) . PT are almost always benign but do have a high rate of recurrence.
Although modern neuro-imaging techniques have decreased the reliance on visual field (VF) testing for the diagnosis of PT, it is still of crucial importance in the diagnosis and follow-up of such patients (2) . Goldmann's
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Purpose: To test the ability of frequency doubling technology (FDT) perimetry to identify pituitary tumor-associated visual field defects. Methods: Twenty-three eyes from patients with pituitary tumor (PT) and 28 normal eyes were studied. Subjects were eligible when presenting with normal visual acuity and mild or moderate temporal field loss in at least one eye on Goldmann and standard automated perimetry (SAP). FDT testing was performed using the C-20-5 screening and the C-20 fullthreshold test. The sensitivity and specificity for identification of the field defect were determined and the groups were compared with regard to several parameters. Finally, we compared the ability of FDT and SAP to detect the characteristic pattern of temporal hemianopia/quadrantanopia. Results: In the screening test, sensitivity ranged from 21.74% to 43.48% while specificity was 100%. In the threshold test, sensitivity ranged from 52.17% to 82.61% (specificities of 85.71% and 60.71%, respectively), according to total deviation analysis, and from 30.43% to 73.91% (specificities of 96.42% and 64.28%, respectively), according to the pattern deviation analysis. Patients with PT presented a significantly higher number of abnormal points in the temporal hemifield. In 12 eyes FDT and SAP were both able to identify the characteristic pattern of visual field defect; in 4 eyes FDT performed better than SAP; in 4 eyes, SAP performed better than FDT, while in 3 neither test was able to determine the pattern of visual field defect correctly. Conclusions: Threshold FDT perimetry seems to be a sensitive instrument for identifying abnormality in eyes with chiasmal compression-induced field defects detected on conventional perimetry. manual perimeter (GP) is still valuable in the detection of field defects of neurological origin but modern automated perimetry does have its advantages (3) , especially in view of the increasing scarcity of physicians and technicians fully trained in manual GP. The current standard in automated perimetry is full-threshold testing encompassing either 24 or 30 central degrees of the VF. Although strategies such as the Swedish Interactive Threshold Algorithm program (4) have significantly improved the reliability of automated perimetry, it still may be too difficult for patients with neurological disease, resulting in undesirable false positive data capable of confounding the interpretation of abnormal findings (5) . There is therefore a need for tests which can rapidly and accurately identify cases deserving further testing and investigation.
The frequency doubling technology (FDT) perimeter is a recently introduced modality of VF test device developed mainly to detect glaucomatous damage (6) (7) . It makes use of the frequency-doubling illusion by which a sine-wave grating of low spatial frequency undergoing counterphase flicker at high temporal frequency appears to the observer to have twice the actual number of bars (8) . FDT perimetry may be a sensitive method to detect a field defect and has the advantage of being user-friendly. Since its introduction FDT has been used to study a range of different diseases and seems to be of benefit to patients with neuro-ophthalmic conditions (9) (10) (11) . However, so far no study has specifically addressed cases with PT-associated VF defects, especially mild cases.
The purpose of this paper was to test the ability of FDT perimetry to identify mild and moderate PT-associated VF defects as detected by conventional perimetry, as well as to evaluate FDT perimetry as a screening tool for chiasmal compression.
METHODS
Between December 2002 and October 2005, 51 eyes were submitted to FDT perimetry. Of these, 23 were from 16 patients with PT, with either active or previous chiasmal compression. The remaining 28 eyes were from 14 normal controls. Nine eyes from the 18 patients with PT were not included in the study because they did not fulfil the inclusion criteria for the study. The mean age (± SD) of patients with PT and healthy individuals was 44.15 ± 10.38 and 38.86 ± 8.10, respectively (p=0.13, thus non-significant). The study was approved by an Ethics Committee and all participants gave their informed consent.
The patients underwent a complete ophthalmologic examination including VF testing performed using both manual GP (Haag-Streit AG, Bern, Switzerland) and automated perimetry. On GP the V-4-e, I-4-e, I-3-e, I-2-e and I-1-e stimuli were used to kinetically draw the isopters and search for scotomas. Special attention was given to defects along the vertical meridian. Standard automated perimetry (SAP) was performed with a Humphrey field analyzer 750 (Zeiss-Humphrey, Dublin, CA) using a 4 mm 2 Goldmann size III stimulus. Either the 24-2 Fullthreshold test or the 24-2 Swedish Interactive Threshold Algorithm (SITA) Standard test was used.
Patients were selected for study based on the results of GP. To be included in the study the patient should have in at least one eye: best corrected visual acuity of 20/20 or better in the study eye and mild or moderate temporal VF loss on GP (usually in the upper temporal quadrant) with a nasal hemifield within normal limits.
VF defects were limited to mild or moderate in severity. To be included in the study, on GP, the examined eye should present a VF defect limited to the temporal field with I/3e, I/2e or I/1e targets, and normal I/4e and V/4e isopters. VF defects should respect the vertical meridian. In patients with mild VF loss, a vertical step of at least 10 degrees difference between the nasal and the temporal upper quadrant with a clear respect to the vertical meridian was required for labeling the eye as abnormal. VF defects were also classified on SAP, based on the criteria proposed by Kerrison et al (12) . According to this study, a calculated mean deviation in the upper temporal quadrant was recorded. Deviations in the upper temporal quadrant were calculated by averaging the deviations of the most central 12 points in such quadrant (12) . For classification purposes, VF defects were considered mild when the upper temporal mean deviation (U.T.M.D.) ranged from -3.0 to -6.0 decibels and moderate when the U.T.M.D. ranged from -6.01 to -20.00 decibels.
Other inclusion criteria were: good cooperation for performing VF examination, spherical refraction within ±5 D; cylinder correction within ±3 D; intraocular pressure below 22 mmHg; and reliable VF. GP was considered reliable when the patient presented good fixation and consistent responses during examination performed by an experienced physician. A reliable SAP was defined as one with fewer than 25% fixation losses, false positive or false negative responses. Patients with clinical signs of glaucoma or optic disc anomaly were excluded.
In 9 patients only one eye and in 7 both eyes met the inclusion criteria. The control group consisted of normal healthy volunteers, with a normal ophthalmic examination including Humphrey perimetry (24-2 SITA Standard threshold test). Normal eyes had intraocular pressures of 22 mmHg or less with no history of increased IOP and normal optic discs. Normal healthy volunteers had both eyes examined.
FDT perimetry was performed after conventional perimetry, with a rest period of at least 15 minutes between them. Testing was performed in a darkened room using an FDT device (Humphrey-Welch Allyn, Dublin, CA). Patients and controls were submitted to both the C-20-5 screening mode and the C-20 full-threshold mode. Both strategies test four locations in each quadrant and one central location, giving a total of 17 locations tested in the central 20º of the visual field. In each tested area the FDT device presents frequency-doubling stimuli (10x10) with low spatial frequency, cosinusoidal grating (0.25 cycle/degree) and high temporal frequency (25 Hz counter-phase flicker) on a square background.
In the screening C-20-5 test protocol, target areas are presented at a contrast expected to be detected for 95% of healthy age-matched subjects (13) . Unseen targets are presented a second time and are labeled p≥5% if the subject responds. If the second stimulus is missed, a third stimulus is presented corresponding to what is seen by 98% of the normal population (missed by 2% of normals). If this is seen, the location is labeled p<5%. If however the third stimulus is missed, a fourth stimulus is presented corresponding to what is seen by 99% of the normal population. If this is seen, the location is labeled p<2%, and, if missed, p<1% (9, 14) . The C-20 full threshold protocol determines the minimum contrast necessary to detect the stimulus for each of the 17 target locations in the stimulus display and requires approximately 4 minutes per eye (10) . The test provides information on threshold (dB) plots, deviation plots with a five-probabilitylevel classification based on age-related normative reference, mean deviation (MD) and pattern standard deviation statistical Global indices values. Only reliable fields were accepted in the study. Reliable visual fields had less than 33% false positive and false negative responses and less than 20% fixation losses.
We tested several sets of diagnostic criteria to assess the validity of FDT in detecting abnormality in eyes of patients with PT. Using GP as the gold standard for defining abnormality, we calculated the sensitivity and specificity for a number of predefined criteria for both the C-20-5 screening protocol and the C-20 threshold test. In the first scenario, eyes were considered abnormal when displaying abnormal points anywhere in the visual field (one abnormal point depressed <2%; two abnormal adjacent points, both <5%; two abnormal adjacent points, one <5% and one <2%; two abnormal adjacent points, one <5% and one <1%). Second, we counted the number of abnormal points in the temporal hemifield (two abnormal temporal points, both <5%; two abnormal temporal points, one <5% and one <2%; two abnormal temporal points, one <5% and one <1%; three abnormal temporal points <5%; three abnormal temporal points two <5% and one <2%). Third, we verified the number of excessive abnormal points in the temporal hemifield compared to the nasal hemifield (temporonasal difference of abnormal points >2). Sensitivity and specificity were calculated for each set of criteria.
In addition, we compared the two groups with regard to the number of abnormal points assuming an <5% probability of being normal in the nasal and the temporal hemifield on both the screening C-20-5 test and the full-threshold C-20 test (considering both total and pattern deviation). We also compared the mean deviation (MD), temporal and nasal sensitivity calculated from the sensitivity points in the full-threshold test, and the temporo-nasal difference in sensitivity in both groups.
Finally, using GP as the gold standard, we compared the ability of FDT and SAP to detect the characteristic pattern of temporal hemianopia/quadrantanopia.
Sensitivity and specificity were calculated in the traditional manner. We used either the unpaired t-test or the MannWhitney U test (depending on compliance with normal distribution assessed by the Shapiro-Wilk test) for comparisons between the groups of patients and normal subjects. The chisquare test was used to analyze differences in the ability of FDT and SAP to detect VF detects. The level of statistical significance was set at p<0.05.
RESULTS
Nine patients were male and 9 female, with age ranging from 26 to 68 years. Two had active compression of the visual pathways while the remainder had chiasmal decompression more than 6 months earlier. The U.T.M.D. in patients with PT ranged from -2.5 to -20.0 (-7.5 ± 6.29). In the control group age ranged from 21 to 52 years. Tables 1 and 2 show the sensitivity and specificity found for the three sets of criteria on the C-20-screening test and the C-20-5 full-threshold test. Screening test: sensitivity ranged from 21.74% (two abnormal adjacent points, one <5% and one <1%) to 43.48% (two abnormal temporal points, both <5%), specificity was 100% (Table 1 ). Threshold test: sensitivity ranged from 52.17% (specificity 85.71%) to 82.61% (specificity 60.71%) in the total deviation analysis and from 30.43% (Table 2) . Table 3 shows the comparison of the number of abnormal points (p<5%), the mean deviation, the temporal and the nasal mean sensitivity and the temporo-nasal difference in sensitivity of the two groups. The number of abnormal points in the temporal hemifield was significantly higher in patients with PT. Differences in temporal mean deviation and temporo-nasal mean deviation were also significant (p=0.001). Figures 1 and 2 show the results of SAP and FDT perimetry for each one of the 23 eyes from patients with PT. In 12 eyes FDT and SAP were both able to identify the characteristic pattern of VF defect (Figure 1) . In 4 eyes, FDT performed better than SAP; in 4 eyes, SAP performed better than FDT, while in 3 eyes neither test was able to determine the pattern of VF defect correctly (Figure 2 ).
DISCUSSION
Despite advances in neuroimaging methods allowing visualization of the suprasellar area, VF examination is still of invaluable importance in the diagnosis and management of patients with PT. While GP was for many years considered the gold standard of VF examination in patients with neuro-ophthalmic conditions, recent advances have made computerized several patients with "typical" neuro-ophthalmic VF defect and found FDT perimetry to be a quite sensitivite and specific detection tool. However, FDT perimetry could not adequately categorize the VF defect into characteristic patterns such as hemianopic, quadrantanopic or glaucomatous. Other authors (10) , on the other hand, observed that the sensitivity and specificity of FDT perimetry equalled those of SAP in patients with VF defects from optic neuropathy but failed to identify patients with hemianopia.
In our study FDT revealed abnormalities in almost all eyes when observed in the full-threshold test, compatible with a sensitive method to detect VF defects. On the other hand, when the "screening" test was analyzed (with supraliminal stimuli) it was found to have poor sensitivity to detect chiasmal VF defects. This finding is in accordance with those of some authors (17) who concluded that the FDT screening strategy failed to identify hemianopic and quadrantanopic VF perimetry the most commonly used method today (15) . Many authors believe that SAP can detect abnormalities earlier than manual GP, due to its greater sensitivity and ability to make comparisons for each point (15) . However, despite the many advantages in SAP technology, there are many drawbacks of this type of examination when applied to neuro-ophthalmologic patients, particularly those with severe visual loss and those with attention deficits (5, 16) . FDT perimetry is a relatively simple method and will accomplish an examination in less than one minute in the screening mode. Quick and user-friendly operation makes this technique attractive, especially for neurologic patients. Fujimoto and Adachi-Usami (11) tested FDT perimetry in 14 patients affected with recovered optic neuritis (normal visual acuity) and observed a generalized sensitivity depression, while control testing with SAP revealed a depression in the central area of the VF only. Likewise, some authors (9) examined defect in more than half of the studied 15 eyes. Our study indicates that the full-threshold FDT test is a sensitive method for detecting VF defects even in patients with subtle or moderate defect on GP. This finding differs from results obtained by other authors (10) . These authors found that FDT perimetry failed to detect hemianopias in a substantial number of patients and indicated a variety of mechanisms to explain this observation. They suggested a scatter of light from the stimulus from the nonseeing into the seing hemifield (along the vertical meridian) and shifts in fixation as the possible explanation for failure to identify hemianopic field defect.
In the current study, however, FDT was found to be a sensitive method for identifying VF abnormality. Although several eyes presented abnormalities in the nasal hemifield too, the phenomenon is also rather frequent when using SAP (Figure 2) , and in most such cases abnormalities in the temporal hemifield were much more prominent and allowed identification of the temporal VF defect compatible with chiasmal compression. Therefore, as in other psychophysical tests, a high level of suspicion with regard to clinical findings and suspected disease is recommendable. Future studies testing stimulus offset a few degrees away from the vertical (10) will probably improve the results of the test; however, the actual usefulness of this type of perimetry in neuro-ophthalmology will require testing on somewhat larger study populations.
RESUMO
Objetivo: Avaliar a capacidade da perimetria com tecnologia de freqüência duplicada (FDT) de identificar defeitos de campo visual associados a tumores pituitários. Métodos: Vinte e três olhos de pacientes com tumores pituitários (TP) e 28 olhos normais foram estudados. Os indivíduos eram selecionados quando apresentavam acuidade visual normal e defeito temporal discreto ou moderado em pelo menos um olho ao perímetro de Goldmann e à perimetria automatizada padrão (SAP). O teste com FDT foi realizado usando os programas "C-20-5 screening" e "C-20 full-threshold test". A sensibilidade e a especificidade para identificação de defeito campimé-trico foram determinados e os grupos comparados com relação a diversos parâmetros. Por fim, nós comparamos a capacidade do FDT e da SAP em detectar o padrão característico de hemianopsia/quadrantopsia temporal. Resultados: No teste de "screening", a sensibilidade oscilou entre 21,74% e 43,48% ao passo que a especificidade foi 100%. No "threshold test", a sensibilidade variou entre 52,17% e 82,61% (especificidade entre 85,71% e 60,71%), na análise do "total deviation", e de 30,43% a 73,91% (especificidade de 96,42% a 64,28%), de acordo com a análise do "pattern deviation". Pacientes com TP apresentaram número significativamente maior de pontos de falhas no hemicampo temporal. Em 12 olhos FDT e SAP foram ambos capazes de identificar o padrão característico de defeito de campo visual, em 4 olhos FDT foi melhor que SAP; em 4 olhos, SAP foi melhor que o FDT, ao passo que em 3 olhos, nenhum dos dois testes foi capaz de determinar o padrão característico de defeito de campo visual corretamente. Conclusões: A perimetria FDT "threshold" parece ser instrumento sensível para identificar anormalidades em olhos com defeito de campo induzidos por compressão quiasmática detectados à perimetria convencional.
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